Whistles are acoustic signals produced particularly during social interactions. Here, we compare whistles by bottlenose dolphins from three Mediterranean areas (Croatia, Sicily and Sardinia) to investigate the presence of acoustic divergence and to discuss the possible causes of variability. Whistle parameters differ significantly between populations, but PCA highlights that the majority of variability is due to a limited number of frequency parameters. Cluster and DFA show that the Croatian population is acoustically divergent from the western populations of Sicily and Sardinia. This divergence could be consistent with geographical isolation, and a possible genetic differentiation between populations, and/or an adaptation to the acoustic environment. Moreover, in a comparison of whistle parameters of different Mediterranean populations with those of previously published Atlantic populations, it was revealed that the Sicilian population was acoustically closer to Atlantic populations. Our results represent a contribution to identifying acoustically differentiated populations of bottlenose dolphins in the Mediterranean.
Introduction
Whistles are the most extensively studied type of sound produced by dolphins (Baron et al., 2008; Azzolin et al., 2014) . These narrowband, frequency-modulated signals are emitted during dolphin social interactions and are used mainly for communication purposes (Steiner, 1981) . Whistles are often used in acoustic comparative studies between different species and within a single species (Schultz & Corkeron, 1994; Rendell et al., 1999; Rossi dos Santos et al., 2005; May Collado et al., 2007 ; Baron et al., 2008) . Interspecific whistle differences are more related to the maintenance of reproductive isolation between sympatric species (Rendell et al., 1999) and diverse habitat characteristics (Papale et al., 2015) , while the intraspecific whistle variations may be induced by various levels of separation between populations. Wang et al. (1995) found that geographic and social separation between populations may lead to variations in whistle structure of bottlenose dolphins (Tursiops truncatus). Dolphins in nearby areas may influence each other's whistles through mimicry during the periodic movements of individuals between adjacent regions (Wang et al., 1995; Janik & Slater, 2000; Riesch et al., 2006) . Alternatively, differences in whistle characteristics may reflect adaptation to the environmental heterogeneity within the species distribution range (Wang et al., 1995; Jones & Sayigh, 2002; Baron et al., 2008) . For example, several studies have demonstrated that changes in dolphin whistle characteristics (shifts in frequencies, changes in call duration and inflection rates) most likely represent an adaptation to conditions of increased ambient noise levels (Morisaka et al., 2005; Rossi dos Santos et al., 2005; Luis et al., 2014; Papale et al., 2014; Rako-Gospić & Picciulin, 2016) .
Understanding the genetic structure of a population across its distribution range usually requires testing on large samples. In the case of whales and dolphins, when genetic samples are not available, acoustic divergences may represent a proxy for the evaluation of geographic differences within a population (Delarue et al., 2009; Hoffman et al., 2015) .
In this study, the whistle structure of the common bottlenose dolphin was compared between three geographic areas along the eastern and western Mediterranean Sea. Recent studies have suggested that the current genetic structure of common bottlenose dolphin populations in the Mediterranean Sea is a result of the stochastic distribution of Atlantic genetic variation during the recent post-glacial expansion (Gaspari et al., 2015) . A weak boundary was found to divide the northern Atlantic and the western Mediterranean Sea populations. This suggests a relatively high level of continuing gene flow or a very recent division between the two populations (Natoli et al., 2005) . Conversely, a strong boundary divides the western and eastern parts of the Mediterranean basin. Separated geographically by the Italian peninsula, the north Adriatic (eastern Mediterranean) common bottlenose dolphin population has shown to be genetically different from populations of the western Mediterranean and the North Atlantic (Gaspari et al., 2015; Natoli et al., 2005) . The present study assesses whether acoustic divergence, measured through changes in whistle frequency and time variables, are consistent with geographic isolation and genetic differentiation between different bottlenose dolphin populations of the eastern and western Mediterranean Sea. As part of this study, we also compared bottlenose dolphin whistles from the western Mediterranean Sea and eastern central Atlantic Ocean, analysing results extracted from other published studies (Diaz Lopez, 2011; Papale et al., 2014) . This provides a basis to assess the role of distance as a potential factor which causes whistle variation. The adaptation to the local acoustic environment, as alternative or concomitant cause of whistle variation, is also discussed.
Methods

Study area
Common bottlenose dolphin recordings were collected in three different Mediterranean areas: Cres and Lošinj Islands (Croatia-Northern Adriatic Sea, eastern Mediterranean Sea), Lampedusa Island (Strait of Sicily) and West Sardinia (western Mediterranean Sea; Figure 1 ).
Acoustic recordings in Croatia were made in an area of approximately 545 km 2 , extending over the eastern side of the Cres and Lošinj Islands. This area is characterised by numerous small uninhabited islands and islets, steep rocky shores, muddy sea bottoms, limestone reefs and sea depths that do not exceed 90 m. The islands attract a large number of tourists each year, particularly during the summer when many of them reach these sites by recreational boats (Rako Gospić et al., 2013; Rako Gospić & Picciulin, 2016) . On average, this region appears to be part of the home range of about 200 common bottlenose dolphins (184 bottlenose dolphins; 95% CI = 152-250; CV = 0.17; Pleslić et al., 2015) . Furthermore, it appears that common bottlenose dolphins form a relatively closed and conspicuous local population and that movements between the core study area and adjacent areas represent displacements within the population range and should not be categorised as long-term migrations (Fortuna, 2006; Pleslić et al., 2015) . The area was designated as a Site of Community Importance (SCI) of the NATURA 2000 network due to its importance for this dolphin population.
Lampedusa Island is located in the Strait of Sicily, a channel that connects the western and the eastern parts of the Mediterranean Sea, on the northern African continental shelf. Its topography consists of shallow banks along the Sicilian and Tunisian coasts, with water depth up to 200 m. The very complex topography and circulation patterns of the Strait make it a highly productive area and a biodiversity hotspot (UNEP 2007) . The study area is located around Lampedusa from the coast to 1.5 km offshore, and has a total area of 48 km 2 and a maximum depth of 40 m. The area includes a gradually decreasing rocky bottom and Posidonia oceanica meadows interspersed with sandy areas. The waters surrounding Lampedusa are characterised by highly concentrated heavy boat traffic, from July to September, when tourism is at its highest. Recreational motorboats (small motorised and/or inflatable rental boats and water-crafts) undertaking excursions around the island and dolphin-watching trips (both organised and accidental) represent the largest component of boat traffic in these waters . Owing to the great abundance of fish, Lampedusa's waters are used by several trawlers from the mainland of the cross-border Mediterranean countries. The most recent estimation of the common bottlenose dolphin population size is 176 individuals (CI = 131-236; Pulcini et al., 2013) , but likely these dolphins are part of a larger population (Pulcini et al., 2010 (Pulcini et al., , 2013 .
The western coast of Sardinia (West Sardinia) belongs to the Algero Provencal Basin, one of the most hydrodynamic areas of the western Mediterranean Sea. The study area is located along the coast of Alghero, and it extends for about 450 km 2 . The area includes a gradually graded rocky bottom, Posidonia oceanica meadows and detrital bottom with a depth not exceeding 70 m. One of the main economic activities of this part of western Sardinia is sea-related tourism. This leads to an increase in boat traffic during summer. Small motorised and/or inflatable rental boats and bigger motor boats making excursions along the coast represent the largest component of boat traffic in these waters (La Manna et al., 2016) . In this area the common bottlenose dolphin population size ranges between 80-120 animals, with at least 50% which can be considered resident (La Manna, unpublished data) .
To compare the whistles of the populations of these study areas with those from other populations of the Mediterranean Sea and the eastern central Atlantic Ocean, we selected studies that measured the same parameters with a comparable methodology (Figure 1 ). Thus, mean whistle parameters from east Sardinia (East Sardinia: Diaz Lopez, 2011), the western Mediterranean Sea (Tyrrhenian sea, Gulf of Lion, France; Almeria, Spain; Alboran Sea: Papale et al., 2014) and the eastern Atlantic Ocean (Canary Islands, Azores Islands, Bay of Biscay, Spain: Papale et al., 2014) were also considered in one of the statistical analyses.
Field methodology and whistle analysis
Acoustic recordings of bottlenose dolphins in Croatia were made between 2007 and 2009 (all year round), during the acoustic monitoring of underwater noise at ten predefined acoustic locations, in water with a depth between 40 and 90 m, in Beaufort sea state conditions < 2. Recordings were made from a rigid inflatable boat, at approximately 5 m depth, using a RESON TC 4032 hydrophone (sensitivity −170 dB re 1V/Pa) connected to a Pioneer DC-88 DAT recorder calibrated with a signal of 100 mVRMS at 2 kHz (sampling rate 44.1 kHz, 16-bit).
Acoustic recordings in Lampedusa were made in 2006 and 2009 (all year round), by means of PAM (Passive Acoustic Monitoring) devices called RASP. Eight RASPs were used and equipped with programmable underwater acoustic recorders (M-Audio MicroTrack II; data format 16-24 bit WAV, sampling rate 48 kHz) and hydrophones with bandwidth between 10 Hz and 96 kHz (Sensor Technology SQ2; sensitivity −169 dB re 1V/1uPa). The recorders had a custom timer control board offering full programmability for recording times and intervals, and were equipped with hard disks offering from 4 to 32 Gb of memory per deployment (La Manna et al., , 2014 . RASPs were deployed on the bottom at a maximum depth of 35-40 m. These depths (<40 m) and distances from the coast (<1.5 km) were chosen to ensure common bottlenose dolphins were recorded in absence of visual identification. Despite the fact that the common dolphin (Delphinus delphis) is also present in the waters surrounding Lampedusa (Pace et al., 2015) , in the present study area the species was never reported in literature or observed by the authors in over 400 h of observations between 2006 and 2009 (La Manna, pers. commun.) . This is consistent with the preferred habitat of the common dolphin in the Mediterranean Sea (mean sighting depth > 150-200 m and average distance to the coast > 6 km; Notarbartolo di Sciara & Demma, 1994; Canadas & Hammond, 2008; Benmessaoud et al., 2016; Gannier, 2016) . After a pilot study, a duty cycle of equal intervals, 10:10 (i.e., 10 min of recordings every 20 min) was selected. This duty cycle allowed the collection of 3.5 h per day. Since the RASP did not imply visual observation of dolphin groups, a dolphin sighting was defined as the sequence of consecutive recording files containing whistles. To reduce the risk of sampling the same group of dolphins more than once, the sequence of recordings had to be at least 3 h apart from the preceding one to be considered as a sighting of a different group. Acoustic recordings in West Sardinia were collected between 2013 and 2015 (all year round), by means of a hydrophone (Sensor Technology SQ26-08; sensitivity −168.8 dB re 1V/1uPa) with bandwidth between 10 Hz and 96 kHz connected to an M-Audio MicroTrack II recorder (data format 16-24 bit WAV, sampling rate 48 kHz). Recordings were made from a 10 m motor boat at a depth between 5 and 10 m, in Beaufort sea state conditions < 2, in the presence of dolphin groups at a distance between 20 Table 1 . Definition of whistle parameters used in the analysis.
Parameter Definition
Start frequency
The beginning frequency of the whistle (in kHz).
End frequency
The ending frequency of the whistle (in kHz).
Min frequency
The lower frequency bound of the whistle (in kHz).
Max frequency
The upper frequency bound of the whistle (in kHz).
Delta frequency
The difference between the upper and lower frequency limits of the whistle (in kHz). Duration
The interval between the start and the end of the whistle (in sec).
Number of inflection points
The number of changes from positive to negative or negative to positive slope in the contour of the whistle.
and 300 m and with the engine turned off. Before each recording, the recording system was calibrated by applying a sinusoidal voltage of 100 mV RMS to the transducer input of the system by means of a signal generator. During the aural and visual analysis of the spectrogram, each whistle with a signal-to-noise ratio sufficiently high to make it audible and completely visible in the spectrogram from their start to their end were classified as 'good whistles' and considered in the analysis (La . Weak whistles, whistles overlapping with other sounds, whistles with no good definition of the contour and with no clear start and end points (defined as 'bad whistles') were discarded from the sample. Frequency parameters, number of inflection points and duration of the whistles (Table 1) were measured by visual inspection of the spectrogram (512/1024 point fast Fourier transform (FFT) and frame-length, Hamming window, 50% overlap, F s = 24 kHz) using Raven 1.5 software (Cornell Laboratory of Ornithology, Ithaca, NY, USA). Each common bottlenose dolphin individual produces a whistle with a stereotyped contour, interpreted as an acoustic signature and used to identify and locate the individual (Caldwell & Caldwell, 1965; Janik & Sayigh, 2013) ; this signal is usually repeated in loop. To reduce the risk of collecting whistles from the same individual (pseudo-replication), each whistle that was recognised as a signature whistle by the observer was considered just once in the following analysis (La .
Statistical analysis
We estimated descriptive statistics as mean, standard deviation, CV (coefficient of variation) and range of recorded whistles per area through R for Mac Os X. Different statistical methods were used to test if whistle parameters changed among the three study areas. First, a Multivariate Analysis of Variance (MANOVA) was applied using area (Croatia, Sicily and West Sardinia) as an independent variable and all whistle parameters as dependent variables. Since MANOVA requires multivariate normal distribution of the dataset, Mardia's multivariate normality test was applied. Homogeneity of the variance was also tested with Levene's test and homogeneity of the variance-covariance matrices with Box's M-test. Then, duration and number of inflection points were log-transformed to respect the assumptions of MANOVA. If the MANOVA was significant, a one-way ANOVA (Analysis of Variance) was conducted to test if a statistical difference existed among areas for each single whistle parameter. If the test showed significant inequality of the means, a Tukey's post hoc contrast was performed to compare each parameter between each pair of areas. A Principal Component Analysis (PCA) was conducted to isolate independent and uncorrelated whistle parameters. PCA converts a set of observations of possibly correlated variables into a set of values of linearly uncorrelated variables called principal components. The first principal component has the largest possible variance (that is, it accounts for as much of the variability in the data as possible), and each succeeding component, orthogonal to the preceding component, in turn has the highest variance possible. We used PCA to create a few key variables (resulting as a composition of many original variables) that characterise the variation in the multivariate dataset (Flury, 1988) . Principal components scores were tested for normality (Shapiro-Wilk multivariate test), presence of outliers (Adjusted Quantile Plot), and homogeneity of the variance (Levene test). A hierarchical cluster analysis (using the average linkage method, Euclidian distance) with the whistle mean values of each group was performed to evaluate the similarity between the three study areas. To validate the result of the cluster analysis, a Discriminant Function Analysis (DFA) was applied to the mean values of each group to verify if whistles could be attributed to the correct study area. DFA is a multivariate technique for describing a mathematical function that will distinguish among predefined groups of samples. All the assumptions of the DFA (multivariate normality of the independent variables, adequate sample size) were respected. To evaluate the output of DFA leave-one-out cross-validation (jack-knifed validation) was applied. The procedure excludes one observation, formulates a discriminant function using the remaining data, and uses that function to classify the excluded observation. Jack-knife cross-validation should be preferred as validation techniques because it returns a mean estimate of the proportion of correctly classified individuals with a much lower variance, respect to other techniques (Dechaume-Moncharmont et al., 2011) . 95% CIs around discriminant rate were calculated to show DFA accuracy and to allow comparison among studies (Dechaume-Moncharmont et al., 2011) . Finally, to evaluate the similarity between bottlenose dolphin populations of the Mediterranean Sea and Atlantic Ocean, following a methodology applied in other studies (Rossi-Santos & Podos, 2005; May Collado & Wartzok, 2008; Moron et al., 2015) a hierarchical cluster analysis (using the average linkage method, Euclidian distance) was performed. We used cluster groups based on the similarity of the mean values of each selected area: Croatia, Sicily, West Sardinia, East Sardinia, western Mediterranean Sea (Tyrrhenian sea; Gulf of Lion, France; Gulf of Vera, Spain; Alboran Sea) and eastern central Atlantic Ocean (Canary Islands; Azorre Islands; Bay of Biscay, Spain). For the last three multivariate statistics, we could not consider correlated variables, thus we excluded delta-frequency, since it is the result of the difference between minimum and maximum frequency. All multivariate statistics were run in R for Mac Os X.
Results
In Croatia a total of 2.6 h of recordings were collected over 29 days, from which we extracted 262 whistles classified as 'good whistles', belonging to 31 different groups. In Sicily a total of 119 h of recordings were collected over 34 days, from which we extracted 183 whistles belonging to 21 different groups. In West Sardinia a total of 10.25 h of recording were collected over 22 days, from which we extracted 166 whistles, belonging to 18 different groups. In each area, stereotyped whistles were considered only once, reducing the initial database of 870 whistles to that used for the analysis (611 whistles in total). The descriptive statistics of all parameters are illustrated in Table 2 . CVs were higher for duration, number of inflection points and delta frequency, across all areas. In general, CVs were larger for all parameters of Croatia compared to Sicily and West Sardinia. MANOVA results showed that whistle parameters were significantly different between areas (Pillai's trace = 0.52, F 14,1206 = 30.69, p < 0.001). ANOVA results showed that all whistle parameters were significantly different between areas (Table 3) . Post Figure 2 ). PCA showed that most variability was explained by PC1 (46%) and PC2 (23% ; Table 4 ). PC1 was positively correlated with start frequency, max frequency, delta frequency, and min frequency, while PC2 was positively correlated with duration and number of inflection points and negatively correlated with end frequency (Figure 3) .
The hierarchical cluster analysis showed the similarity of common bottlenose dolphin whistles across areas of the Mediterranean Sea based on mean values of whistle parameters from each group.
Cluster analysis grouped the 69 groups into 5 prevalent clusters: (i) a cluster with 6 groups from Croatia; (ii) a cluster with 19 groups from Croatia, The first four values represent the largest loadings and show the variables that contribute most to each principal component. 4 groups from Sicily and 3 groups from West Sardinia; (iii) a cluster with 12 groups from West Sardinia, 4 from Croatia and 1 from Sicily; (iv) a cluster with 11 groups from Sicily, 2 groups from West Sardinia and 2 groups from Croatia; (v) a cluster with 5 groups, 4 from Sicily and 1 from West Sardinia (Figure 4) . To validate the results of the cluster analysis a DFA was performed. The DFA showed that 78% (95% CI: 67-86%) of groups could be classified into the correct study area. In particular, 90% of the groups were correctly assigned to Croatia, 66% to Sardinia and 72% to Sicily (Table 5 ). The DFA plot ( Figure 5 ) provided an overview of geographical variation in whistle parameters, showing a separate cluster of groups from Croatia, a separate cluster of groups from Sicily, a separate cluster of groups from Sardinia, and, finally, a mixed cluster of overlapping groups from all areas. The last hierarchical cluster analysis performed on mean value of whistle parameters from different areas of the Mediterranean Sea and the eastern central Atlantic Ocean showed that: (i) whistles from the Croatian population formed separate clusters, being the least similar to all other areas; (ii) whistles from the Sicilian population were more similar to those of the Atlantic Ocean than to those of the Western Mediterranean; (iii) whistles from western and eastern Sardinian population were clustered together and resulted more similar to the western Mediterranean and Atlantic populations than to the Croatian population ( Figure 6 ).
Discussion
The present study analysed whistle parameters recorded in three Mediterranean areas. In Croatia, West Sardinia and Sicily common bottlenose dolphin whistles showed a high intra-population variability in the duration and the number of inflection points, and a low acoustic variability in the frequency parameters, in accord with other studies (Wang et al., 1995; Morisaka et al., 2005; Papale et al., 2013) . According to previous studies, duration and number of inflection points are whistle parameters that have been associated in order to provide additional information related to individual identities and/or emotional states (Steiner, 1981; Wang et al., 1995) . Conversely, frequency parameters have been determined or restricted by some factors, such as the size of sound production organs and muscles, body size and group size and/or the environmental background noise levels (Wang et al., 1995; May Collado & Wartzok, 2008) . The present inter-population comparison high- lighted a significant difference in common bottlenose dolphin whistle parameters between Croatia and the two other areas (Sicily and West Sardinia). The majority of variability between areas was due to frequency parameters. Although group size and behavioural states can induce whistle variation in dolphins (Quick & Janik, 2008; Heiler et al., 2016) , differences in frequency parameters are usually associated with variations between species or between populations (Azevedo et al., 2007; Azzolin et al., 2014) . In fact, variations in frequency parameters have been observed between different bottlenose dolphin populations around the world (Wang et al., 1995; Azevedo et al., 2007; May Collado & Wartzok, 2008; Papale et al., 2014) . Finally, once also considering the other western Mediterranean (Tyrrhenian Sea, Gulf of Lion, Gulf of Vera and Alboran Sea) and Atlantic (Canary Islands, Azores Islands and Bay of Biscay) populations, we found a closer similarity between whistles emitted by dolphins living in Sicily and the Atlantic when compared to the western Mediterranean populations. The acoustic divergences in the recorded whistle structures are consistent with geographic isolation and genetic differentiation between different common bottlenose dolphin populations of the eastern and western Mediterranean Sea (Natoli et al., 2005; Gaspari et al., 2015) . Although no data exist on the genetic structure of common bottlenose dolphins sampled in Sicily and Sardinia, the eastern Mediterranean populations have already proved to be genetically different from those of the western Mediterranean (comprised of samples from north Africa, the Baleari Islands and the Tyrrhenian Sea) and the north Atlantic (Natoli et al., 2005; Gaspari et al., 2015) . Evolution and maintenance of genetic divergence between the eastern and western Mediterranean have been related to differences in marine habitats that lead to site fidelity of the populations (Natoli et al., 2005; Gaspari et al., 2015) . In this perspective, geographical isolation and genetic divergence evolved and maintained by different habitat conditions could explain the acoustic variations found between the Croatian and the more western populations of Sicily and West Sardinia. The DFA reflects a certain level of overlap in acoustic parameters across areas but it also indicates the presence of features that vary consistently across the range of our study areas, from the west to the east part of the Mediterranean. Whistles from Sicily and Sardinia were similar to each other but the distance of about 500-600 km between these two islands is beyond the known migratory range of the species in the Mediterranean Sea (on average 50 km, maximum 427 km; Gnone et al., 2011) . Consequently, the similarities between these populations might possibly be attributable to biogeographic factors, reflecting that these two populations were more recently isolated. Conversely, the whistle parameters from Lampedusa Island (Sicily) are more similar to those of dolphins living in the Atlantic Ocean compared to the closer Sardinian population or the other western Mediterranean populations. Pelagic populations show high mobility and fluid social structure and would tend therefore to show high genetic variability and low population differentiation. Given the geographical location of Lampedusa Island, in the middle of the Strait of Sicily and on the Tunisian continental shelf, the inter-mixing with neighbouring populations inhabiting waters of the Atlantic ocean would not be surprising.
In addition to being possibly affected by geographical isolation and genetic divergence (Wang et al., 1995; Rendell et al., 1999) , whistle variations can also reflect habitat condition and/or adaptation to the acoustic environment (Wang et al., 1995; Jones & Sayigh, 2002; Morisaka et al., 2005; Baron et al., 2008) . Acoustic transmission characteristics vary tremendously in shallow water, as they are influenced by numerous environmental factors such as water depth, currents, temperature variation and stratification (Richardson et al., 1995) , as well as obstacles that can drastically limit the active range of the underwater signal. In such an environment, the lower frequency parts of a whistle contour are more likely transmitted further than the higher frequency parts in modulated whistles. This can be the case of the Croatian population where the features of the environment could have contributed to shaping whistles towards lower frequency signals. In addition, anthropogenic noise inputs have been proved to influence dolphin vocalisation parameters and behaviour (Morisaka et al., 2005; Baron et al., 2008; La Manna et al., 2013; Papale et al., 2015 Papale et al., , 2016 Rako Gospić & Picciulin, 2016) . It has already been demonstrated that common bottlenose dolphins in Lampedusa reacted to boat noise by increasing frequency parameters, only when the boat was a trawler, while recreational boats did not elicit significant increments . Furthermore, in the presence of motor boats dolphins preferred to leave the area as the disturbance became too heavy to be tolerated (La . Rako-Gospić et al. (2016) in Croatia found an increase of dolphin whistle frequencies in conditions of high low-frequency noise (0-2 kHz) and a reduction at lower frequencies in conditions of high noise across 2-20 kHz frequency range. Although no data are available in order to compare the absolute levels of Sea Ambient Noise (SAN), due to the absence of calibration in the Lampedusa acoustic recorder, the main source of anthropogenic noise for the three areas is recreational boat traffic. Even if boat traffic in the three areas was measured with different sampling protocol, it can be assumed that the mean number of boats in summer are at similar levels (La Manna et al., , 2016 Rako-Gospić et al., 2013) . Furthermore, SAN in Croatia seems comparable to the busiest parts of the West Sardinia (La Manna et al., 2016) . A relatively comparable background noise can be therefore hypothesised in the studied areas. The shift of frequencies observed in Croatia and Sicily in the presence of boats may explain the difference of about 1-2 kHz where this type of noise dominates. Nevertheless an additional mean difference of about 3-4 kHz was found in the present study between Sicily/Sardinia and Croatia frequency whistle parameters, suggesting that the acoustic environment cannot account alone for the differences observed between the populations of Croatia and Sicily/Sardinia.
In conclusion, our results represent a contribution in identifying acoustically divergent populations of common bottlenose dolphin in the Mediterranean Sea. Nevertheless, further investigations are required in order to isolate those factors (genetic, geographical isolation, behaviour, group structure, noise level, presence of boats) influencing the reported variability in whistle structures and increase our understanding of why such a wide variability was observed between the western and eastern Mediterranean Sea.
